Metallothionein disulfides are present in metallothionein-overexpressing transgenic mouse heart and increase under conditions of oxidative stress.
Metallothionein (MT) releases zinc under oxidative stress conditions in cultured cells. The change in the MT molecule after zinc release in vivo is unknown although in vitro studies have identified MT disulfide bond formation. The present study was undertaken to test the hypothesis that MT disulfide bond formation occurs in vivo. A cardiac-specific MT-overexpressing transgenic mouse model was used. Mice were administered saline as a control or doxorubicin (20 mg/kg), which is an effective anticancer drug but with severe cardiac toxicity at least partially because of the generation of reactive oxygen species. A differential alkylation of cysteine residues in MT of the heart extracts was performed. Free and metal-bound cysteines were first trapped by N-ethylmaleimide and the disulfide bonds were reduced by dithiothreitol followed by alkylation with radiolabeled iodoacetamide. Analyses of the differentially alkylated MTs in the heart extract by high performance liquid chromatography, SDS-PAGE, Western blot, and mass spectrometry revealed that disulfide bonds were present in MT in vivo under both physiological and oxidative stress conditions. More disulfide bonds were found in MT under the oxidative stress conditions. The MT disulfide bonds were likely intramolecular and both alpha- and beta-domains were involved in the disulfide bond formation, although the alpha-domain appeared to be more easily oxidized than the beta-domain. The results suggest that under physiological conditions, the formation of MT disulfide bonds is involved in the regulation of zinc homeostasis. Additional zinc release from MT under oxidative stress conditions is accompanied by more MT disulfide bond formation.